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(54) Apparatus and method for vascular hole closure 



(57) An apparatus and method are disclosed for 
applying a surgical clip to an exterior wall of a blood ves- 
sel to at least partially close a hole formed therein. The 
apparatus includes a handle portion, an elongated body 
extending distally from the handle portion and dimen- 
sioned to extend through a hole in the wall of a blood 
vessel, and a collapsible locator associated with a distal 
end portion of the elongated body and mounted for 
movement between a collapsed position and an 
expanded deployed position. The locator is adapted to 
expand within an interior lumen of the blood vessel to 
maintain the distal end portion of the elongated body in 
a desired location with respect to the hole in blood ves- 
sel wail such that a surgical clip releasabiy supported 
adjacent the distal end portion of the elongated body 
can be applied to the exterior wall of the blood vessel to 
close the hole formed therein. 
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Description 

BACKGROUND 

1. Technical Held 

The present disclosure relates to an apparatus and 
method for closing a hole or puncture in a blood vessel, 
and more particularly, to an apparatus for applying a 
surgical clip to a blood vessel to close a hole formed 
therein during an intravascular catheterization proce- 
dure. 

2. Background of Related Art 

When performing a catheterisation procedure such 
as, for example, an angiog raphy r>r anqjfydagty a sharp- 
ened hollow needle is first percutaneous! y introduced 
into the vascular system. A guide wire is then inserted 
through the hollow needle and into the lumen of a 
selected blood vessel. Subsequently, the needle is 
removed and a dilator and/or introducer is fed into the 
vessel along the guide wire. The gukjg wire Js then 
Xggiove d 'a nd -'a'-stiit^te^^h ftfftr , i s . fftd . thrni igjT^the 
lumen of the irrtrj^ ucer^n^ackar 3ced_through the v as- 
cular system until the workin c Lerjdjhereof js positioned 
at the operating sit e. At the conclusion of the catheteri- 
zation procedure, the catheter is withdrawn, and subse- 
quently, the dilator and/or introducer is also removed 
from the wound. 

At this point in the procedure, the vessel puncture 
must be sealed in order to stem the flow of blood there- 
through. Because it is often common practice to admin- 
ister a blood thinning agent to the patient prior to the 
catheterization procedures, stemming the blood flow 
can be troublesome. A common method of healing the 
wound is to maintain external pressure over the vessel 
until the puncture naturally seals. This method of punc- 
ture closure typically takes about thirty minutes, with the 
length of time usually being greater if the patient is 
hypertensive or anti -coagulated. When hand pressure 
is utilized, it can be uncomfortable for the patient and 
can use costly professional time on the part of the hos- 
pital staff. Other pressure application techniques, such 
as pressure bandages, sandbags or clamps, have been 
employed, but these devices also require the patient to 
remain motionless for an extended period of time and 
the patient must be closely monitored to ensure their 
effectiveness. 

Other devices have been disclosed which plug or 
otherwise provide an obstruction in the area of the 
puncture. See, for example, U.S. Patent Nos. 4,852,568 
and 4,890,612, wherein a collagen plug is disposed in 
the blood vessel opening. When the plug is exposed to 
body fluids, it swells to create a block for the wound in 
the vessel wall. A potential problem of plugs introduced 
into the vessel is that particles may break off and f bat 
downstream to the point where they may lodge in a 
smaller vessel, causing an infarct to occur. Collagen 



material also acts as a nidus for platelet aggregation 
and, therefore, can cause intraluminal deposition of 
hemostatic agent, thereby creating the possibility of a 
thrombosis at the puncture sight. Other plug-like 
5 devices are disclosed, for example, in U.S. Patent Nos. 
5,342,393; 5,370,660; and 5,41 1 ,520. 

Surgical clips and clip appliers are known and have 
been used in vascular surgery, particularly to join sev- 
ered vessels. See, for example, U.S. Patent No. 

10 4,929,240 (Kirsch, et al.). The clips disclosed in the '240 
Patent provide an advantage over suturing by decreas- 
ing the likelihood of clotting and vascular damage, par- 
ticularly in micro-vascular repair procedures. While 
vascular clips have been successfully used in surgery, 

15 the surgical procedures in which the clips are used typ- 
ically allow the surgeon to view the area to be clipped. 
In catheter puncture repair procedures, however, the 
wound is generally not visible, making proper clip appli- 
cation, if attempted, difficult. 

20 Therefore, there is a need for surgical techniques 
and apparatus suitable for closing punctures in blood 
vessels, particularly those created during catheteriza- 
tion procedures. This need requires a reliable hemosta- 
sis of the puncture in a quick and efficient manner. It 

25 would also be advantageous to close the puncture with- 
out disposing any foreign substances within the vessel, 
thereby preventing the likelihood of introducing foreign 
matter into the circulatory system. The technique also 
needs to be performed without directly viewing the 

30 punctured vessel. 

SUMMARY 

The subject application is directed to an apparatus 

35 and method for applying a surgical clip to an exterior 
wall of a blood vessel to at least partially close a hole 
formed therein during a catheterization procedure. The 
apparatus includes a handle portion, an elongated body 
extending distally from the handle portion and dimen- 

40 sioned to extend through a hole in the wall of a blood 
vessel, and a collapsible locator operatively associated 
with the elongated body and mounted for movement 
between a collapsed retracted position disposed within 
a. distal end portion of the elongated body and an 

45 expanded deployed position extending from the distal 
end portion of the elongated body. The locator is prefer- 
ably adapted and configured to expand within an interior 
lumen of the blood vessel in the deployed position to 
maintain the distal end portion of the elongated body in 

so a desired location with respect to the hole in blood ves- 
sel wall. A surgical clip is releasably supported adjacent 
the distal end portion of the elongated body which is 
configured for application to the exterior wall of the 
blood vessel to at least partially close the hole formed 

55 therein when the locator is substantially in the deployed 
position. 

Preferably, the surgical clip has a pair of opposed 
clip legs connected by a bail portion, and the bail portion 
has an aperture provided therein to accommodate 
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movement of the locator from the deployed position to 
the retracted position upon application of the clip to the 
exterior wall of the blood vessel. A control rod extends 
from the handle portion through the elongated body and 
is mounted for movement between a proximal position 5 
and a distal position to effectuate the movement of the 
collapsible locator between the retracted position and 
the deployed position, and a control knob is operatively 
mounted to a proximal end of the control rod to facilitate 
the longitudinal movement thereof. The control knob w 
preferably includes means for releasably engaging the 
handle portion when the collapsible locator is disposed 
in the deployed position. 

In a preferred embodiment of the subject appara- 
tus, the elongated body includes an outer tubular mem- 15 
ber mounted for axial movement with respect to the 
handle portion between a proximal position and a distal 
position, and structure is provided adjacent a distal end 
of the elongated body for releasably supporting the sur- 
gical clip. A pair of diametrically opposed camming 20 
ramps are preferably formed adjacent a distal end of the 
elongated body, distal of the clip support structure, to 
cause the opposed legs of the surgical clip to move 
between a closed position and an open position in 
response to longitudinal movement of the outer tubular 25 
member from the distal position toward the proximal 
position. 

An actuation handle is operatively associated with 
the handle portion of the surgical apparatus and is 
mounted for manipulation through an actuating stroke. 30 
Preferably, movement of the actuation handle through a 
first segment of the actuating stroke causes the outer 
tubular member to move from the proximal position to 
the distal position, and movement of the actuation han- 
dle through a second segment of the actuating stroke 35 
causes the actuation rod to move from the distal posi- 
tion to the proximal position. In addition, movement of 
the actuation handle through the second segment of the 
actuating stroke releases the control knob from an 
engaged position. 40 

In a preferred embodiment of the surgical appara- 
tus disclosed herein, distal and proximal actuating 
members are supported within the handle portion and 
are operatively connected to the actuation handle. Pref- 
erably, a first control link connects the distal actuating 45 
member to the actuation handle and second control link 
connects the proximal actuating member to the actua- 
tion handle. The distal actuating member is also con- 
nected to a proximal end of the outer tubular member, 
and the proximal actuating member is also connected to so 
a release tube which is dimensioned to interact with the 
control knob upon movement of the actuation handle 
through the second segment of the actuating stroke. 

The method disclosed herein includes the steps of 
taking an elongated body having a surgical clip sup- 55 
ported adjacent a distal end portion thereof, extending 
the elongated body through the hole in the blood vessel 
such that at least a distal end portion thereof projects 
into an interior lumen of the Wood vessel, and deploying 



a locator from the distal end portion of the elongated 
body into the interior lumen of the blood vessel to main- 
tain the elongated body in a desired position with 
respect to the hole in the wall of the blood vessel. The 
method further includes the steps of applying the surgi- 
cal clip to the exterior wall of the blood vessel to at least 
partially close the hole therein, and retracting the loca- 
tor from the interior lumen of the blood vessel. 

In a preferred embodiment of the method, the step 
of applying the surgical clip includes the step advancing 
the surgical clip in a distal direction from a proximal sup- 
port position on the elongated body, and the step of 
moving the surgical clip between open and closed posi- 
tions. The step of deploying the locator includes the 
step of moving the locator from a collapsed position 
within the distal end position of the elongated body to an 
expanded position extending from the distal end portion 
of the body. Preferably, the step of withdrawing the loca- 
tor is concomitant with the step of applying the surgical 
clip to the exterior wall of the blood vessel. 

Further features of the surgical apparatus and 
method of the subject application will become more 
readily apparent to those skilled in the art from the fol- 
lowing detailed description of the apparatus and method 
taken in conjunction with the drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Various embodiments of the surgical apparatus and 
method of the subject application will be described 
hereinbelow with reference to the drawings wherein: 

Fig. 1 is a perspective view of a surgical apparatus 
constructed in accordance with a preferred embod- 
iment of the subject invention in a preoperative 
condition; 

Fig. 2 is an enlarged perspective view of the distal 
end portion of the surgical apparatus of Fig. 1 illus- 
trating the surgical clip releasably supported ther- 
eon; 

Fig. 3 is an exploded perspective view of the elon- 
gated body of the surgical apparatus of Fig. 1 with 
the components thereof separated for ease of illus- 
tration; 

Fig. 4 is an enlarged perspective view of the distal 
end portion of the elongated body of Fig. 3 illustrat- 
ing the surgical clip and clip support structure asso- 
ciated therewith; 

Fig. 5 is an enlarged perspective view of the distal 
end portion of the clip advancement tube of the 
elongated body illustrated in Fig. 3; 

Fig. 6 is a perspective view of the handle portion of 
the surgical apparatus of Fig. 1 with the left housing 
section removed to illustrate the internal compo- 
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nents housed therein; 

Fig. 7 is an exploded perspective view of the handle 
portion shown in Fig. 6 with the components thereof 
separated for ease of illustration; 5 

Fig. 8 is an exploded perspective view of the locator 
and the distal end portion of the control rod to which 
the locator is mounted; 

10 

r 

Fig. 9 is an enlarged perspective view of the cou- 
pling area of the locator illustrated in Fig. 8; 



A2 6 

Fig. 17 and illustrating the surgical clip in an open 
position; 

Fig. 1 9 is a perspective view of the distal end por- 
tion of the elongated body of the surgical apparatus 
of Fig. 1 illustrating the clip advancement tube 
advanced to a distal-most position to cause the sur- 
gical clip to move to a closed position; 

Fig. 20 is a side elevational view corresponding to 
Fig. 19 and illustrating the surgical clip in a dosed 
position; 



Fig. 10 is a perspective view of the locator in an 
expanded condition mounted to the distal end of the 
control rod; 

Fig. 11 is a perspective view of a cannula extending 
through a hole in the wall of a blood vessel with the 
elongated body of the surgical apparatus of Fig. 1 
extended therethrough; 

Fig. 12 is an enlarged perspective view of the loca- 
tor extended from the distal end portion of the sur- 
gical apparatus of Fig. 1 and collapsed within the 
cannula; 

Fig. 13 is a side elevational view in cross-section of 
the handle portion of the surgical apparatus of Fig. 
1 illustrating the relative orientation of the internal 
components associated therewith in a pre-opera- 
tive condition; 

Fig. 14 is a side-elevational view in cross-section of 
the handle portion of the surgical apparatus of Rg. 
1 illustrating the relative orientation of the internal 
components associated therewith in a condition 
corresponding to the locator being disposed in a 
deployed position; 

Fig. 15 is a perspective view of a distal end portion 
of the elongated body of the surgical apparatus of 
Fig. 1 illustrating the locator disposed in a deployed 
position within the interior lumen of a blood vessel; 

Fig. 16 is a side elevational view in cross-section of 
the handle portion of the surgical apparatus of Fig. 
1 illustrating the relative orientation of the compo- 
nents associated therewith in positions correspond- 
ing to the clip advancement tube being advanced 
toward a distal position; 

Fig. 17 is a perspective view of the distal end por- 
tion of the elongated body of the surgical apparatus 
of Fig. 1 illustrating the clip advancement tube 
advanced distally to cause the surgical clip to move 
to an open position; 

Fig. 18 is a side-elevational view corresponding to 



Rg. 21 is a side elevational view in cross-section of 
15 the handle portion of the surgical apparatus of Rg. 
1 illustrating the relative orientation of the compo- 
nents associated therewith in positions correspond- 
ing to the locator being withdrawn to a retracted 
position; and 

20 

Rg. 22 is a side elevational view of the surgical clip 
applied to the exterior wall of the blood vessel to 
close the hole formed therein. 

25 DETAILED DESCRIPTION OF PREFERRED EMBOD- 
IMENTS 

In the drawings and in the description which follows, 
the term "proximal", as is traditional, will refer to the end 

30 of the apparatus which is closest to the operator, while 
the term "distal" will refer to the end of the apparatus 
which is furthest from the operator. 

Referring now to the drawings wherein like refer- 
ence numerals identify similar structural elements dis- 

35 closed herein, there is illustrated in Fig. 1 a surgical 
apparatus constructed in accordance with a preferred 
embodiment of the subject application and designated 
generally be reference numeral 10. Surgical apparatus 
1 0 is adapted and configured to apply a surgical clip to 

40 the exterior wall of a blood vessel to at least partially 
close a hole formed therein during a catheterization pro- 
cedure, such as, for example, an angioplasty or angiog- 
raphy procedure. 

Referring to Fig. 1 , surgical apparatus 10 includes a 

45 handle assembly 12 consisting of right and left housing 
sections 12a and 12b which together define an elon- 
gated barrel portion 14, a stationary handle 16 depend- 
ing from barrel portion 14, and a pivoting actuation 
handle or trigger 1 8 mounted for movement with respect 

so to stationary handle 16. An elongated body 20 extends 
^distfllly frorr Uhe barrel POrtion^ A-of handle assembly 
12, and a surgical clip 22 jsjreleasaM v«suppoc ted on a 
distal end portion ol elorjqate djDody 20. as illustrated in 
Fig. 2. As best seen in Fig. 4, surgical clip 22 includes a 

55 pair of opposed clip legs 24a and 24b connected to one 
another by a bail portion. 26. Each clip leg is provided 
with a pair of tissue engagement projections 25 for 
securely engaging the exterior wail of the blood vessel 
to which it is applied (see Fig. 22). Clip legs 24a and 24b 
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are normally biased into a closed position resulting from 
the overall configuration of surgical clip 22 and the 
material from which the clip is constructed. The material 
of construction may be selected from a group consisting 
of bio-compatible materials, including, for example, 
stainless steel, titanium, and tantalum. Other materials 
of construction such as bio-absorbable polymers are 
also envisioned. 

Referring to Fig. 3, the elongated body 20 of surgi- 
cal apparatus 10 includes ajn^in gLi pjwt fhafi .^n h av- 

ing an elongated bore 30a extending therethrough. 
Support shaftJ 30.extend sJhrough the barrel portion 14 
of handle assembly 10 and is mounted adjacent a prox- 
imal end thereof in a conventional manner. A_cjip^syp- 
j?pj ^ixturjB^ 3^ bore 3 0a adjacent the 

^digaljendjDf^upport shaft 30^. As best seen in Fig. 4, 
supports ixtu re 34 is configured to releasably support 
surgical clip 22 and includes a pair of diametrically 
opposed rails 36a and 36b dimensioned to interact with 
a crescent shaped aperture 38 defined in the bail por- 
tion 26 of surgicai clip 22. Rails 36a and 36b terminate 
in distal ly extending camming ramps 40a and 40b, 
respectively, which effectuate movement of clip legs 24a 
and 24b between closed and open positions as surgical 
clip 22 is advanced in a distal direction during a hole 
closing procedure. 

relative to" camming ^rarrips 4Qa^n& 40b l^acrom- 

plighori thrniirjh~thft*avtaWi^ 

pusherjubeil2. Pusher tube 42 is mounted coaxial with 30 
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25 



suppor tjstaft L^ O^and is configured to translate with 
respect thereto jnjies r^nse.to.rra^ 
jTandle^l 8„to.dtive, surgical .clip, 22 distajjy. As best seen 
in Fig. 5, spaced apart arcuate engagement fingers 44a 
and 44b project distally from pusher tube 42 to engage 
the crescent spaced aperture 38 defined in the bail por- 
tion 26 of surgical clip 22. Diametrically opposed elon- 
gate slots 46a and 46b are formed in the distal portion 
of pusher tube 42 to accommodate rails 36a and 36b 
during the distal translation of the pusher tube with 
respect to support shaft 30. 

Referring now to Figs. 6 and 7, a set pin 45 fixedly 
connects the proximal end of pusher tube 42 to a distal 
actuation block 48 which is housed within the barrel por- 
tion 14 of handle assembly 12. Actuation block 48 
includes opposed lateral guide ribs 50a and 50b which 
translate within opposed guide slots formed in the inte- 
rior surfaces of right and left housing sections 12a and 
12b, i.e., guide slot 53. A coupling link 54 connects dis- 
tal actuation block 48 to actuation handle 18 such that 
manipulation of actuation handle 18 causes actuation 
block 48 to translate distally, urging pusher tube 42 in a 
distal direction. Coupling pins 54a and 54b pivotally 
connect coupling link 54 to actuation block 48 and actu- 
ation handle 18. 

Referring now to Figs. ft - 1f1 ,fi»rnifi a lj a rT ia r a V lfi >p 1 i n > 
ilso_includes aJocator 60 in the form of a collapsible 
loop or ring adapted and configured to maintain the dis- 
tal end portion of elongated body 20 in a desired post- 
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tion with respect to the hole in the wall of a blood vessel 
during a hole closing procedure. Loca tor 60 includes a 
pair o f Inratnr arm ^ 62 and 6 4 wnicn are constructed 
from a resilient material that preferably displays shape 
memory characteristics, such as, for example, a mate- 
rial or alloy consisting of a composition of nickel and tita- 
nium. Locator arms 62 and 64 inciucfa ^ |pn^atA 
proxima l extension portions 62a and 64a, respectively, 
ano r "arcDSte-Bx|^ and 64b, respec- 

tively. As best seen in Fig. 9, the terminal end of arcuate 
expansion portion 62b includes an engagement notch 
63 for receiving and retaining a complementary engage- 
ment finger 65 formed at the terminal end of arcuate 
expansion portion 64b. When engaged and situated in a 
relaxed unstressed condition, resilient expansion por- 
tions 62b and 64b form an endless loop-like structure. 
As best seen in Fig. 8, when assembled, the proximal 

.ends of extension portions 62a and 6fla grjgj ^approxi- 
mated and se cured to a coupling f Iangej56^wbiclxis-P x p - 

^yjdecTat frie"cfistal end of an elon gate! 

.which Jacmktesji^p^ 6 0 with respect jo 

support tube 30 during a hole closinqrproc^ure. 



Referring again to Figs. 6 and 7, the elongated con- 
trol rod 68 extends through the axial bore 30a of support 
tube 30, into the barrel portion 14 of handle assembly 
12, through the axial bores 48a and 70a of distal and 
proximal actuation blocks 48 and 70, out of the proximal 
end of barrel portion 1 4, and into the axial bore 75a of a 
cylindrical control knob 75 operatively associated with 
handle assembly 1 2. The proximal end of control rod 68 
is fixedly maintained within axial bore 75a of control 
knob 75 by a fastener 77 (see Fig. 13). Control knob 75 
facilitates the longitudinal translation of control rod 68 
between proximal and distal positions, and hence the 
movement of locator 60 from a collapsed (stressed) 
position disposed within the axial bore 34a of support 
fixture 34 to a deployed (unstressed) position extending 
from the distal end of support fixture 34. Control knob 
75 includes a pair of engagement tabs 74a and 74b for 
releasably engaging a pair of complementary retention 
notches formed on the exterior of housing sections 12a 
and 12b, i.e., retention notch 76, when locator 60 is dis- 
posed in a deployed position. 

With continuing reference to Figs. 6 and 7, an elon- 
gated release tube 78 extends proximally from the prox- 
imal actuation block 70 to interact with, and effect the 
disengagement of control knob 75 upon manipulation of 
actuation handle 18. More particularly, proximal actua- 
tion block 70, which includes guide ribs 72a and 72b 
that translate within opposed guide slots formed in 
housing sections 12a and 12b, i.e., guide slot 73, is con- 
nected to actuation handle 18 by a coupling link 82. 
Coupling pins 82a and 82b pivotably connect coupling 
link 82 to actuation block 70 and actuation handle 18. 
Thus, manipulation of actuation handle 18 causes actu- 
ation block 70 to translate in a proximal direction, 
whereupon release tube 78 enters the axial bore 75a of 
control knob 75 and urges the control knob proximally to 
disengage tabs 74a and 74b. As discussed in further 
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detail hereinbelow, the distal and proximal actuation 
blocks 48 and 70 are connected to actuation handle 18 
in such a manner so that control knob 75 will not be 
released until pusher tube 42 has been advanced to its 
distal -most position. 

Referring now to Fig. 1 1 , in use. ^je^JengatedJ^dy 
20 of surgical ap paratus 10 isjnfr^uc^j ntg^the inte rior 
lumen 102 of blood ve ssel 104 through a conventional 
can7iuTa^ TO0~ ^ 

.thr ough me"Ho !ejL06 J(xmedJn>the>waLof bJoocfvessel 
1 04^durin g the_c ^theterizatiQQ,pjro^urjr TTTe7e^pon ( 
locator 60 is moved distally through the~translation of 
control knob 75 from its proximal-most position illus- 
trated in Fig. 13 to its distal-most position illustrated in 
Fig. 14. Moreover, locator 60 is advanced from its prox- 
imal-most position disposed within the axial bore 34a of 
clip support fixture 34 to its distal-most position extend- 
ing from the distal end of clip support fixture 34. At such 
a time, the arcuate expansion portions 62b and 64b of 
locator arms 62 and 64 remain in a collapsed (stressed) 
condition restrained within the interior lumen of cannula 
100, as best seen in Fig. 12. When control knob 75 is in 
its proximal-most position shown in Fig. 14, engage- 
ment tabs 74a and 74b are releasably engaged to the 
proximal end of barrel portion 14, thereby securing the 
longitudinal orientation of control rod 68 and locator 60. 

Referring now to Fig. 15, after locator 60 is moved 
into its distal-most position, cannula 100 is withdrawn in 
a proximal direction with respect to elongated body 20 
to a retracted position. Consequently, the arcuate 
expansion portions 62b and 64b of locator arms 62 and 
64 move into their deployed (unstressed) positions, 
forming the loop-like structure which maintains the dis- 
tal end portion of elongated body 20 in a desired posi- 
tion with respect to the hole 106 in the wall of blood 
vessel 104. In this deployed position, the geometric 
plane defined by locator 60 is oriented parallel to the 
elongation of blood vessel 104. Accordingly, the 
opposed clip legs 24a and 24b of surgical clip 22 extend 
in a direction which is perpendicular to the elongation of 
blood vessel 104. 

Once locator 60 is deployed, the clip application 
portion of the vascular hole closure procedure may 
commence. To apply surgical clip 22 to the exterior wall 
of blood vessel 104 to at least partially close the hole 
106 formed therein, actuation handle 18 is initially 
moved through the first segment of an actuation stroke, 
with guide pin 90 serving as the pivot point for actuation 
handle 1 8. During this time, actuation handle 18 causes 
the distal actuation block 48 to translate from its proxi- 
mal-most position illustrated in Fig. 14 to its distal-most 
position illustrated in Fig. 16 through a distance "x^ 
within the barrel portion 14 of handle assembly 12. As a 
result, pusher tube 42 is driven distally, urging surgical 
clip 22 in a distal direction. 

Initially, during the distal advancement of surgical 
clip 22, the opposed clip legs 24a and 24b of surgical 
clip 22 are moved to an open position as the dip trans- 
lates with respect to camming ramps 40a and 40b. as 



illustrated in Figs 1 7 and 18. Subsequently, as actuation 
block 48 approaches its distal-most position within bar- 
rel portion 14, pusher tube 42 advances surgical clip 22 
passed camming ramps 40a and 40b so that clip legs 
5 24a and 24b return to a closed portion, as illustrated in 
Figs. 19 and 20. More specifically, when camming 
ramps 40a and 40b meet the crescent shaped aperture 
38 in the bail portion 26 of surgical 22, dip legs 24a and 
24b return to their normally biased closed position. 

10 Referring back to Fig. 14, prior to the manipulation 
of actuation handle 18 through the first segment of its 
actuating stroke, the proximal end of release tube 78 is 
disposed slightly distal of the axial bore 75a of control 
knob 75. As shown in Fig. 16, however, during the 

75 manipulation of actuation handle 18 through the first 
segment of its actuating stroke, the proximal actuation 
block 70 and release tube 78 translate in a proximal 
direction through a distance "Xp" which is substantially 
less than the distance XT through which the distal actu- 

20 ation block 48 travels during the same period of time. 
Consequently, during the first segment of the actuating 
stroke of actuation handle 18, the proximal end of 
release tube 78 translates only a short distance within 
the axial bore 75a of control knob 75, remaining free 

25 from contact with the proximal wall of axial bore 75a, 
and having no effect of the longitudinal position of con- 
trol knob 75. 

However, as illustrated in Fig. 21, once the distal 
actuation block 48 reaches its distal-most position, the 

30 pivot point of actuation handle 18 transfers from guide 
pin 90 to coupling pin 54a. As a result, the remaining 
portion of the actuating stroke of actuation handle 18 is 
guided by the interaction of guide pin 90 and the arcuate 
guide slot 92 formed in actuation handle 18. Conse- 

35 quentiy. further manipulation of actuation handle 18 
toward stationary handle 16 urges proximal actuation 
block 70 in a proximal direction, driving release tube 78 
proximaily. As a consequence, control knob 75 is urged 
proximally, causing the release of engagement tabs 74a 

40 and 74b from the complementary notches formed at the 
proximal end of barrel portion 14, and effectuating the 
proximal withdrawal of control rod 68 relative to support 
tube 30. Accordingly, the arcuate expansion portions 
62b and 64b of locator 60 are withdrawn into the axial 

45 bore 34a of support fixture 34, through the crescent 
shaped aperture 38 formed in the bail portion 26 of sur- 
gical clip 22. 

Following the withdrawal of locator 60 into the axial 
bore 34a of support fixture 34, the distal end portion of 

so the elongated body 20 of surgical apparatus 10 may be 
withdrawn from the surgical site. As best seen in Fig. 22, 
at the condusion of the procedure, the opposed legs 
24a and 24b of surgical clip 22 are securely engaged to 
the exterior wall of blood vessel 104 such that the hole 

55 once formed therein is closed, thereby preventing blood 
from flowing therethrough. 
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Claims 

1 . An apparatus for applying a surgical clip to an exte- 
rior wall of a blood vessel to at least partially close 7. 
a hole formed therein comprising: 5 

a) a handle portion; 

b) an elongated body extending distally from 

the handle portion and dimensioned to extend w 
through a hole in the wall of a blood vessel; 8. 

c) a collapsible locator operatively associated 
with the elongated body and mounted for 
movement between a collapsed retracted posi- 15 
tion disposed within a distal end portion of the 
elongated body and an expanded deployed 9. 
position extending from the distal end portion 

of the elongated body, the locator ring being 
adapted and configured to expand within an 20 
interior lumen of the blood vessel in the 
deployed position to maintain the distal end 10. 
portion of the elongated body in a desired loca- 
tion with respect to the hole in blood vessel 
wall; and 2s 

d) a surgical clip releasably supported adjacent 
the distal end portion of the elongated body 
and configured for application to the exterior 
wall of the blood vessel to at least partially 30 
close the hole formed therein when the locator 

is substantially in the deployed position. 1 1 . 

2. An apparatus as recited in Claim 1, wherein the 
locator has a generally loop-like configuration in the 35 
deployed position. 

12. 

3. An apparatus as recited in Claim 1 or 2, wherein at 
least a portion of the locator is formed from a mate- 
rial having shape memory characteristics. 40 

4. An apparatus as recited in Claim 1 , 2 or 3, wherein 
the surgical clip has a pair of opposed clip legs con- 
nected by a bail portion, and the bail portion has an 
aperture provided therein to accommodate move- 45 
ment of the locator from the deployed position to the 1 3. 
retracted position upon application of the clip to the 
exterior wall of the blood vessel. 

5. An apparatus as recited in Claim 4, wherein a con- so 

trol rod extends from the handle portion through the 1 4. 
elongated body and is mounted for movement 
between a proximal position and a distal position to 
effectuate the movement of the collapsible locator 
between the retracted position and the deployed ss 
position. 

6. An apparatus as recited in Claim 5, wherein a con- 
trol knob is operatively mounted to a proximal end 



of the control rod to facilitate the longitudinal move- 
ment thereof. 

An apparatus as recited in Claim 6, wherein the 
control knob includes a pair of opposed locking tabs 
configured to releasably engage complementary 
reception structures provided on a proximal end 
portion of the handle portion when the collapsible 
locator is disposed in the deployed position. 

An apparatus as recited in any one of the preceding 
claims, wherein the elongated body includes an 
outer tubular member mounted for axial movement 
with respect to the handle portion between a proxi- 
mal position and a distal position. 

An apparatus as recited in any ope of the preceding 
claims, wherein support structure is provided adja- 
cent a distal end of the elongated body for releasa- 
bly supporting the surgical clip. 

An apparatus a recited in Claim 9, wherein a pair of 
diametrically opposed camming ramps are formed 
adjacent a distal end of the elongated body distal of 
the clip support structure, the camming ramps 
causing the opposed arms of the surgical clip to 
move between a closed position and an open posi- 
tion in response to longitudinal movement of the 
outer tubular member from the distal position 
toward the proximal position. 

An apparatus as recited in any one of the preceding 
claims, wherein an actuation handle is operatively 
associated with the handle portion and is mounted 
for manipulation through an actuating stroke. 

An apparatus as recited in Claim 1 1 , wherein move- 
ment of the actuation handle through a first seg- 
ment of the actuating stroke causes the outer 
tubular member to move from the proximal position 
to the distal position, and movement of the actua- 
tion handle through a second segment of the actu- 
ating stroke causes the control rod to move from the 
distal position to the proximal position. 

An apparatus as recited in Claim 1 2, wherein move- 
ment of the actuation handle through the second 
segment of the actuating stroke releases the con- 
trol knob from an engaged position. 

An apparatus as recited in Claim 12 or 13, wherein 
distal and proximal actuating members are sup- 
ported with the handle portion and are operatively 
connected to the actuation handle, the distal actuat- 
ing member connected to a proximal end of the 
outer tubular member and the proximal actuating 
member connected to a release tube which is 
dimensioned to interact with the control knob upon 
movement of the actuation handle through the sec- 
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ond segment of the actuating stroke. 

1 5. An apparatus as recited in Claim 1 4, wherein a first 
control link connects the distal actuating member to 
the actuation handle and second control link con- s 
nects the proximal actuating member to the actua- 
tion handle. 

1 6. An apparatus for applying a surgical dip to an exte- 
rior wall of a blood vessel to at least partially close w 
a hole formed therein comprising: 

a) a handle portion; 



c) a collapsible locator operatively associated 
with a distal end portion of the elongated body 20 
and mounted for movement between a col- 
lapsed retracted position and an expanded 
deployed position, the locator being adapted 
and configured to expand within an interior 
lumen of the blood vessel to maintain the distal 25 
end portion of the elongated body in a desired 
location with respect to the hole in the blood 
vessel wall, such that a surgical clip releasably 
supported adjacent the distal end portion of the 
elongated body can be applied to the exterior 30 
wail of the blood vessel to at least partially 
close the hole formed therein when the locator 
is substantially in the deployed position. 

1 7. An apparatus for applying a surgical clip to an exte- 35 
rior wall of a blood vessel to at least partially close 
a hole formed therein comprising: 

a) a handle portion including an actuation han- 
dle mounted for movement through an actuat- 40 
ing stroke; 

b) an elongated body extending distally from 
the handle portion and dimensioned to extend 
through a hole in the wall of a blood vessel; 45 

c) a collapsible locator loop operatively associ- 
ated with the elongated body and mounted for 
movement between a collapsed retracted posi- 
tion disposed within a distal end portion of the so 
elongated body and an expanded deployed 
position extending from the distal end portion 

of the elongated body, the locator loop being 
adapted and configured to expand within an 
interior lumen of the blood vessel in the ss 
deployed position to maintain the distal end 
portion of the elongated body in a desired loca- 
tion with respect to the hole in the blood vessel 
wall; 



14 

d) a surgical clip releasably supported adjacent 
the distal end of the elongated body and config- 
ured for application to the exterior wall of the 
blood vessel to at least partially close the hole 
formed therein, the surgical clip having a pair of 
opposed clip legs connected by a bail portion, 
the bail portion having an aperture provided 
therein to accommodate movement of the loca- 
tor loop between the deployed position and the 
retracted position; and 

e) an actuation assembly housed within the 
handle portion and operatively connected to 
the actuation handle such that movement of 
the actuation handle through a first segment of 
the actuating stroke effectuates longitudinal 
movement of the surgical clip toward the exte- 
rior wall of the blood vessel and movement of 
the actuation handle through a second seg- 
ment of the actuating stroke effectuates move- 
ment of the collapsible locator loop from the 
deployed position to the retracted position. 

18. An apparatus as recited in Claim 1 7, wherein a con- 
trol rod extends from the handle portion through the 
elongated body portion and is mounted for move- 
ment between a proximal position and a distal posi- 
tion to effectuate the movement of the collapsible 
locator loop between the retracted position and the 
deployed position. 

1 9. An apparatus as recited in Claim 1 8, wherein a con- 
trol knob is operatively mounted to a proximal end 
of the control rod to facilitate the longitudinal move- 
ment thereof and includes means for releasably 
engaging the handle portion when the collapsible 
locator loop is disposed in the deployed position. 

20. An apparatus as recited in Claim 19, wherein the 
elongated body portion includes an outer tubular 
member mounted for axial movement with respect 
to the handle portion between a proximal position 
and a distal position. 

21. An apparatus a recited in Claim 20, wherein a pair 
of diametrically opposed camming ramps are 
formed adjacent a distal end of the elongated body, 
distal of the clip support position, the camming 
ramps causing the opposed legs of the surgical clip 
to move between a closed position and an open 
position in response to longitudinal movement of 
the outer tubular member from the distal position 
toward the proximal position. 

22. An apparatus as recited in Claim 21 , wherein move- 
ment of the actuation handle through the first seg- 
ment of the actuating stroke causes the outer 
tubular member to move from the proximal position 
to the distal position, and movement of the actua- 
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b) an elongated body extending distally from is 
the handle portion and dimensioned to extend 
through a hole in the wall of a blood vessel; and 
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tion handle through the second segment of the 
actuating stroke causes the actuation rod to move 
from the distal position to the proximal position. 

23. An apparatus as recited in Claim 22, wherein move- s 
ment of the actuation handle through the second 
segment of the actuating stroke releases the con- 
trol knob from an engaged position. 

24. An apparatus as recited in Claim 23, wherein the 10 
actuating assembly includes a distal actuating 
member connected to a proximal end of the outer 
tubular member and a proximal actuating member 
connected to a release tube which is dimensioned 

to interact with the actuator upon movement of the is 
actuation handle through the second segment of 
the actuating stroke. 
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